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In a previous paper' it has been suggested that the formation of the two products: 

ir-cyclopropylstyrenes (III) and 4-arylpent-3-enyl acetates (V), resulting from the 

acetic anhydride-promoted dehydration of methylsrylcyclopropylcarbinols (I), 

involves a cormnon cerbonium-ion intermediate of the structure II, which is at 

equilibrium with both the homoallylic carbonium-ion, IV, and the olefine, III*. 

This communication presents evidence substantiating the above proposed reaction 

mechanism, and showsthat vinylcyclopropanes, properly activated by aryl 

substituents, can enter into addition reactions with unsymmetrical molecules, such 

as acetic and trifluoroacetic acids, to yield cdducts of thecis_structure 

(Va - Vc, R=C:I 3, CFJ), involving a conjugative cycloproLxne ring-opanin~. Althowh 

a similar mode of acid-catalysed addition has previously been reported in the 

steroid field3, this work provides, to our knowledge, the first demonstration of 

an uncatalysed reaction in simpler models of vinylc~clopropene 4 . 

A solution of III (one mole) in glacial acetic acid (10 nolcs) was refluxed for 

90 min. and then fractionally distilled at reduced pressure. The aidition of 

trifluoroacetic acid to IIia - 111~ requires milder conditions in order to 

ninimise polymerisation. To a .solution of III (ona mole) in five volumes of 

carbon tetracbloride was added dropwise erjuimolar cluantity of trifluoroacetic 

ircid, at O', and then processed in the usual way. 
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Ic-vo. x&l 

R = CH CF 
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TABLX k 

The Effect of Subetltuente on Additiona of Acetic Aoid to III8 - IIIc 

4-Al@pent-3- Polymeric 
tibstrate enyl acetate Products Olefin Recovery 

c' 10 srield 96 % tield 

IIIa 70 12 

IIIb 80 20 

IIIC 45 10 

TBBLE 

4-Ary:lpent-3-enyl Trifluomacetates Fmm III 

Polymeric J(co) 

cornpa. Yield Products 
B.P. 
OC 

-1 
_A $ vield cm 

Va 13 78 76-78 1800 
(0.2 P&l) 

Vb 15 80 145-148 1805 
(G.1 mm) 

vc 51 38 1010 

18 
0 

45 

-0 V Conversions 
J(cp3) A,, 
cm-l qb f 
--- 

1125- 243 115OC 
1366 

1174- 226 9555 
1311 251 5loc 
1116 24% 
1271 250 15000 



No.16 1055 

The known acetates1 (1118 - IIIc, R=CH3) were easily characterized by means 

of physical properties, the infrared ard ultra-violet spectra, the nmr 

spectmm and gas chrom.tographic analysis. The unknown trifluoroacetates 

(II& - IIIc, R==3) we*e characterized, in addition to the above, also by 

elmentary analysis. The yields and properties are given in Tables 1 and 2, 

a~ld the mr data in Table 3. 

NNR signals of 4-Arylpent-3-enyl Acetates and Trifluoroacetatesa 

xo 
H3(4) 

% (3) 
(2jH 

&""O% 

xo 
H3(4) ?G (3F 

(2) R~~cocF3 

%) 

%) 

"(3) 

R(4) 

?5) 

"(6) 

Chemical 
S-lifts 
(p4J.n.) 

4.14-4.25 

2.51-2.59 

5.7F5.78 

2.02-2.09 

7.23-7.32 

2.02-2.L9 

Relative 
intensities 

2 

2 

3 

Splitting 

triplet 

double 
triplet 

triplet 

singlet 

C 

sixlet 

J 
+3), cI$ = 2 cps 

chemical Relative 
shifts intensities Splitting 
(p.p.m.1 

4.42-4.43 2 triplet 

2.62-2.66 2 double 
triplet 

5.63-5.67 1 . triplet 

2.01-2.07 3 singlet 

7.10-7.31 "b C 

J 
73), CH3 

= 2 cp* 

%e MIR spectra in CJXl obtained on a Varisn A-60 spctrometer. Peak 
positions cre given a* ts-pexwnillion (p;m) downfield from tetrawthyl silane 
as internal staudaxd. alues of 5 and 4 were obtained for 73 and Vb-Vc, 
respectively. cAppearing as a multiplet in Va, as a A B type quartet in Vb 
(centered: at 7.23 ppm forR=CH3; at 7.10 pp~ for d3f, and in Vc as a 
si-le peak. 
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An examination of the nmr spectra of substrates (III+IIIc) aad of products 

resulting from their interaction with acetic cuid trifluoroaaetic acids (Va - Vc, 

RCH 3, CF,) clearly indicate that the III -it V conversion is accompanied by the 

disappearame of the cyclogm_wne protons (centered at 0.69 snd 1.56 ??rn in 

IIIa - III':) and the terminal vinylic protons (appearing as sin@etc at 4.92 

and 5.25 ppm) and the appearance, instead, of six ~rotous assimabls to two 

methyl groups (singlet), and four aliphatic protons assignable to two acyclic 

methylene ,guups (appearing as triplets), causing no essential chanzs in the 

aromatic r&on of the s2ectmm. The aromatic protons in Vb (ii=7li3, W3j are of 

the A282 s,,wtem, typical for pera disubstitited henzenes5. The Ilositions of the 
r 

A and.B bwds were calculated from the four Ai principal sig[Lsls', anal the 

6AdB difffsrences were calculated for the assignment of the :ewetry of the 

double-bond'l. 

8AdB Values of 4-(p-enisyl)-pent-3-enyl Acetata and Triflnoroacet;:ts" 

x A il 6 -6 
- - - -LA 
CR 3 447.5 4x.5 27.0 

w. 3 439.4 412.6 26.8 

aValues expressed in cpS 

From the o‘,served "A-&B values (Table 4). it was possible to assign e & 

relationship to the alkyl gmu?s in V'b', following the work cf Dsrbieux, 

Defay, Peaher, and Martin 7 who showed recently that in a,&disubstituted pars 

aethoxy styrenes the &A-6? values are 25-Y cps for the&g-isomers snd 13-16 CPS 

for the tigg.-isomers. III view of identity in the Jn _ ,CH.J velwn cf ~V:t-Tc 

(3) 
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(?dX3,LT3)) an d their homogeneity in the vapw-&se chromatography, it is 

plausi'ole to assi&m a & geometry also to Va and Vc, es in Vb.'. 

From the data presented here one can conclude that the addition of <he ali&tic 

acids to the vinylcyoloproL~ane systems (IIIa-IIIc) proceeds in the conjugative 

1.5-manner (III -11 -+ IV -+ V), leading selectively to the formation of a 

single Gometrical isomer, in which the methyl and the emeqing +acetoxyethyl 

.roupiugs are Q related. It is significant to note that similar stereoqxcifici- 

has been also observed by Julia and coworkers 10 in the homoallylic rearraqercent 

of ethin:~lcyclo~ropyl carhinol. This suggests a preferred & geometry for 

the 7ethyl zr,d cyclopro~yl croups in the trwsition state (VI) for the 

reversible rearrangement of the protonated substrate, II, into the homoallylic 

cerboniurn-ioil, IV, due to eclipsing effects xbich appear to be smaller for the 

11 

II VI IV 

In the additions of acetic acid to IIIa-IIIc, the relative order of the effect 

of substituents in the phenyl group on th* extent of reaction it? Gil C>E>Cl. 
3 

Tflis ten be eq9aine.d in terms of variations in the basicities of the resi.ective 

olefins and/or the stability of the resultin;, carbonium-ion (II), due to the 

,uolar effect of substituents in the phenyl gxwup. 

Ir! tie reactions with a much stronger acid, trifluoroacetic ccid, reasonable 

yields could be obtained only with the least &sic substrate, 111~. This arises 

?robablJ from .a concurrent :>oldtlerisytion reaction, which occurs to a larcer extent 
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in case of ::IIa and IIIb, remlting in a drop in the yields of the desired 

products (V:i and V-b, R=CF3). 
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